While it is known that children of schizophrenia parents perform more poorly on tests of cognitive functioning than children of normal parents, less certain is the degree to which such deficits predict schizophrenia outcome, whether cognitive functioning deteriorates during childhood in preschizophrenia individuals, and whether nongenetic etiologic factors (such as obstetric complications) contribute to these deficits. In the present study, 72 patients with schizophrenia or schizoaffective disorder, 63 of their siblings not diagnosed with schizophrenia, and 7,941 controls with no diagnosis were ascertained from a birth cohort whose members had been evaluated with standardized tests of cognitive functioning at 4 and 7 years of age. Adult psychiatric morbidity was ascertained via a longitudinal treatment data base indexing regional public health service utilization, and diagnoses were made by review of all pertinent medical records according to DSAf-TV criteria. Both the patients with schizophrenia and their unaffected siblings performed significantly worse than the nonpsychiatric controls (but did not differ from each other) on verbal and nonverbal cognitive tests at 4 and 7 years of age. Preschizophrenia cases and their siblings were increasingly overrepresented across decreasing quartiles of the performance distributions. There was not significant intra-individual decline, and there were no significant relationships between obstetric complications and test performance among the preschizophrenia subjects. These results suggest that during the period from age 4 to age 7 years, premorbid cognitive dysfunction in schizophrenia represents a relatively stable indicator of vulnerability deriving from primarily genetic (and/or shared environmental) etiologic influences. Findings of cytoarchitectural and morphologic brain changes consistent with a prenatal and perinatal origin have led to the notion that neurodevelopmental disturbances contribute to the etiology of at least some cases of adult schizophrenia (Kovelman and Scheibel 1984; Jakob and Beckmann 1986; Weintraub 1987; Arnold et al. 1991; Akbarian et al. 1993; Cannon et al. 1993 ). However, the etiologic correlates of these disturbances and the proportion of the population with schizophrenia that they characterize remain to be determined (Lewis and Murray 1987; Cannon and Mednick 1991) . Prospective examination of cognitive functioning in individuals who develop schizophrenia as adults provides an indirect means to address these questions. Longitudinal "high-risk" studies have consistently reported that children of patients with schizophrenia perform more poorly on neuropsychological tests than children of other people (Mednick and Schulsinger 1968; Landau et al. 1972; Asarnow et al. 1978; Rutschmann et al. 1980; Harvey et al. 1981; Winters et al. 1981; Worland et al. 1982; Driscoll 1984; Lifshitz et al. 1985; Sohlberg 1985; Hallett et al. 1986; Fish 1987; Goodman 1987; Sameroff et al. 1987; Weintraub 1987; Erlenmeyer-Kimling et al. 1989; Schreiber et al. 1992; Marcus et al. 1993; Bergman and Walker 1995) . These findings suggest that early signs of brain compromise in preschizophrenia subjects may be mediated at least in part by genetic predisposition to the disorder. However, few of the samples in these studies have passed through the period of risk for onset of schizophrenia, and those that have contain only a handful of target outcomes. Thus, presently limited information is available on the degree to which early cognitive deviance predicts schizophrenia in such samples. It also remains unclear whether high-risk findings can be generalized to the total population of schizophrenia subjects, or whether they are relevant to only the 5-10 percent of patients with a parent diagnosed with schizophrenia.
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Prospective examination of cognitive functioning in individuals who develop schizophrenia as adults provides an indirect means to address these questions. Longitudinal "high-risk" studies have consistently reported that children of patients with schizophrenia perform more poorly on neuropsychological tests than children of other people (Mednick and Schulsinger 1968; Landau et al. 1972; Asarnow et al. 1978; Rutschmann et al. 1980; Harvey et al. 1981; Winters et al. 1981; Worland et al. 1982; Driscoll 1984; Lifshitz et al. 1985; Sohlberg 1985; Hallett et al. 1986; Fish 1987; Goodman 1987; Sameroff et al. 1987; Weintraub 1987; Erlenmeyer-Kimling et al. 1989; Schreiber et al. 1992; Marcus et al. 1993; Bergman and Walker 1995) . These findings suggest that early signs of brain compromise in preschizophrenia subjects may be mediated at least in part by genetic predisposition to the disorder. However, few of the samples in these studies have passed through the period of risk for onset of schizophrenia, and those that have contain only a handful of target outcomes. Thus, presently limited information is available on the degree to which early cognitive deviance predicts schizophrenia in such samples. It also remains unclear whether high-risk findings can be generalized to the total population of schizophrenia subjects, or whether they are relevant to only the 5-10 percent of patients with a parent diagnosed with schizophrenia.
Schizophrenia Bulletin, Vol. 26, No. 2, 2000 T.D. Cannon et aL Recent population-based cohort studies suggest that premorbid deficits in general cognitive ability may in fact characterize a majority of schizophrenia patients. In two prospective British cohort studies, preschizophrenia children scored significantly lower than comparison subjects on standardized intelligence tests from middle childhood through adolescence (Jones et al. 1994; Jones and Done 1997) . In one of these cohorts, Jones et al. (1994) found that cases had significantly lower intelligence quotients (IQs) than controls at 8, 11, and 15 years of age, with significant linear increases in risk for adult schizophrenia across decreasing tertiles of the distributions of general intellectual functioning at the 11-and 15-year assessments. This pattern suggests that most preschizophrenia subjects are below their expected level of cognitive functioning at these ages. That is, if only a subgroup of such cases were cognitively impaired, risk should be elevated among individuals in the lowest tertile of the distribution but should not differ between individuals in the upper tertiles. Power to reject a linear association in favor of a subgroup effect was limited in this study, however, since only 30 schizophrenia subjects were ascertained and risk was modeled at only three levels of ability. In a Swedish Army cohort study with a larger number of schizophrenia outcomes, David et al. (1997) found a linear relationship between IQ at 18 years and later schizophrenia, with risk progressively increasing as IQ declined across the entire range of intellectual ability. Unfortunately, the Army cohort findings can be generalized only to male cases of schizophrenia.
Only a few studies have examined the developmental time course of the emergence of early signs of cognitive deviance in preschizophrenia subjects. In an early metaanalytic review of the literature, Aylward et al. (1984) concluded that children not yet diagnosed with schizophrenia show significant IQ deficits when compared with age-matched normal controls from kindergarten through high school but that there was little evidence for cognitive decline before onset of psychosis. In contrast, the findings of two recent cohort studies point to increasing cognitive deviance as preschizophrenia individuals approach illness onset. In the Jones et al. (1994) study, the linear trend of increased risk for schizophrenia across decreasing levels of performance became stronger with age, such that the distribution of preschizophrenia children was increasingly shifted toward lower categories of intellectual functioning. However, the issue of whether cases showed significant cognitive decline intra-individually was not addressed. In a followup study of the Providence cohort of the National Collaborative Perinatal Project (NCPP), a large decline in IQ scores between 4 and 7 years predicted the presence of psychotic symptoms in young adulthood (Kremen et al. 1998) . Unfortunately, the relevance of these findings to schizophrenia is uncertain, as only 1 of the 54 subjects in the group with a large IQ decline was diagnosed with schizophrenia.
At present, information is limited on whether nonhereditary etiologic influences contribute to premorbid cognitive dysfunction in schizophrenia. Of the nongenetic influences proposed to exist in schizophrenia, obstetric complications (OCs)-particularly those associated with fetal oxygen deprivation, fetal underdevelopment, and maternal infection during pregnancy-have the most robust association (see Cannon 1997 for a review). It has been suggested that a history of such OCs is related to a distinct "neurodevelopmental" form of schizophreniainvolving early cognitive, behavioral, and motor abnormalities; an early age at onset; and poor prognosis (Lewis and Murray 1987; Murray and Lewis 1988; Foerster et al. 1991; O'Callaghan et al. 1992) . Among the few high-risk studies that examined the contribution of obstetric factors to premorbid cognitive dysfunction in schizophrenia, findings are conflicting (Mednick and Schulsinger 1968; Rieder et al. 1977; Fish et al. 1992; Marcus et al. 1993) . One investigation found no significant association between a history of OCs and cognitive deficits during infancy and childhood among individuals at high genetic risk for schizophrenia (Marcus et al. 1993) . In contrast, Rieder and colleagues (1977) found that vaginal bleeding and maternal edema predicted lower 7-year verbal IQ scores, particularly in the verbal domain, among the offspring of schizophrenia subjects but not normal controls. In two other studies, low birth weight was associated with cognitive developmental deviance among high-risk but not low-risk subjects (Mednick and Schulsinger 1968; Fish et al. 1992) . However, it is unclear that the relationship observed between birth weight and IQ in these studies reflected a nongenetic etiologic influence, because of the possibility of genotype-environment covariation. Such covariation occurs when a putative environmental risk factor (e.g., low birth weight) is more common in highrisk compared with low-risk subjects overall, thus confounding the genetic and presumptive nongenetic influences.
In the present study we used a prospective cohort design to determine (1) the degree to which cognitive dysfunction during childhood predicts schizophrenia, (2) whether similar deficits appear in the unaffected siblings of patients with schizophrenia, (3) the developmental time course of these deficits, and (4) whether a history of fetal hypoxia and other OCs contribute to these deficits. The original cohort consisted of 9,236 individuals bom in Philadelphia from 1959 to 1966 whose gestations and births were monitored prospectively with standard research protocols, with followup examinations using standardized tests of cognitive functioning at 4 and 7 years of age. Psychiatric outcome was ascertained by screening the cohort for contacts with local mental health facilities in adulthood, followed by chart reviews to determine diagnoses according to DSM-IV (American Psychiatric Association 1994) criteria.
Methods

Subjects and Psychiatric Diagnoses
Formation of cohort From 1959 to 1966, the NCPP enrolled for study 9,236 offspring of 6,753 mothers who delivered at two inner-city hospital obstetric wards in Philadelphia-the Pennsylvania Hospital and the Children's Hospital of Philadelphia (Niswader and Gordon 1972) . The offspring in over 90 percent of all the deliveries at these two sites during the sampling period were enrolled. 53.6 percent (n = 4,956) of the cohort members were the only children from their families enlisted in the study, and the remaining 46.3 percent (n = 4,280) were from families with two or more children participating. The recruitment sites for the Philadelphia cohort were chosen to result in a predominantly AfricanAmerican cohort (88%), thus permitting ethnic balance across the NCPP study sites taken together.
Diagnostic screening and evaluation. In January 1996, we conducted a search of the Perm Longitudinal Database (Rothbard et al. 1990 ), a city wide data base for registration of contacts with public mental health facilities in Philadelphia from 1985 to 1995, ascertaining 1,197 individuals whose names and dates of birth matched those of subjects in the birth cohort In total, 339 (3.7%) of the cohort members had a psychotic disorder diagnosis (194 with schizophrenia or schizoaffective disorder, and 145 with affective or drug-induced psychosis), and 858 (9.3%) had nonpsychotic disorder diagnoses (i.e., affective, anxiety, adjustment, developmental, and substance abuse disorders). Because these register diagnoses were assigned by hundreds of different clinicians in scores of different treatment settings without an explicit attempt to standardize diagnostic procedures and criteria, they are unlikely to have a sufficient degree of precision in differentiating schizophrenia from other psychotic disorder categories. We therefore undertook a diagnostic validation study based on a review of the psychiatric medical records of the psychotic-disordered probands. We reviewed medical records for 144 such probands who had been treated at 15 mental health facilities that agreed to cooperate with the study team in providing access to medical records. The remaining psychotic-disordered probands whose charts were not reviewed (n = 195) had been treated at facilities that no longer existed, refused to cooperate, or were not contacted because only one proband had been treated there. The participating facilities included inpatient services, day treatment clinics, and case management services and were in all apparent ways equivalent to the nonparticipating facilities.
Six diagnosticians (two psychiatrists, two clinical psychologists, and two advanced graduate students in clinical psychology) performed the chart reviews. An initial set of 10 charts was used in training to calibrate the less experienced with the more experienced diagnosticians. A standard coding form was used to record information pertinent to DSM-IV diagnostic criteria, differential diagnosis of schizophrenia and affective disorders, age at first treatment contact, and course. In the vast majority of cases the information present in the records spanned the patient's illness, and a clear picture of the duration and primacy of psychotic symptoms emerged. Of the 144 cases whose charts were reviewed, 72 received a DSM-IV diagnosis of schizophrenia or schizoaffective disorder, 41 were diagnosed as having a psychotic form of major depressive disorder or bipolar disorder; and the remaining 31 were given a primary diagnosis of substance abuse, anxiety disorder, atypical psychosis, psychotic disorder caused by a general medical condition, personality disorder, or adjustment disorder. For a randomly selected sample of 56 of the cases (excluding those used in training), charts were evaluated independently by two or more different examiners, with good agreement on the diagnosis of schizophrenia and schizoaffective disorder (K = 0.85). There was only moderate agreement between the chart-based diagnoses of schizophrenia and schizoaffective disorder with the original register diagnoses (K = 0.63).
Demographics of comparison groups. The 72 cases with chart-review-based DSM-FV diagnoses of schizophrenia or schizoaffective disorder had 63 siblings not diagnosed with schizophrenia who were also NCPP study participants. The 63 siblings included 7 with a history of psychiatric treatment (1 with psychosis not otherwise specified, 1 with mental retardation, and 5 with affective and anxiety disorders) and 56 without such a history. For controls we used the cohort members without a sibling diagnosed with schizophrenia who, according to our psychiatric screen, had not been treated in a public mental health facility in greater Philadelphia as an adult (n = 7,941). The remaining 1,160 members of the original cohort were excluded from the primary analyses. There were four categories of excluded subjects: (1) 72 cases with a history of treatment for a psychotic disorder who were determined by chart review not to have schizophrenia or schizoaffective disorder, (2) 194 cases with a history of treatment for a psychotic disorder whose charts were not reviewed (i.e., 195 minus 1 included sibling of an included schizophrenia patient), (3) 852 cases with a history of treatment for a nonpsychotic psychiatric disorder (i.e., 858 minus 6 included siblings of included subjects with schizophrenia), and (4) 42 cases of fetal or neonatal death.
Sixty-nine percent of the original cohort members (n = 6,399) were followed up at 4 years of age and 79 percent (n = 7,326) at 7 years of age with standardized tests of cognitive functioning. Tables 1 and 2 provide demographic information on the subjects examined at the age 4 and age 7 assessments, respectively, according to diagnostic group.
Cognitive and Behavioral Variables. Subjects were evaluated with the full Stanford-Binet Intelligence Scale (Form L-M) (Terman and Merrill 1960; Thomdike 1973) at age 4 and with 7 of the 10 subtests of the Wechsler Intelligence Scale for Children (WISC; Wechsler 1949) at age 7 (i.e., Information, Vocabulary, Comprehension, Digit Span, Picture Completion, Block Design, and Coding). Age-corrected standard scores (prorated for WISC measures) were computed using published norms for each instrument. While the Stanford-Binet scale yields only an overall measure of cognitive functioning, the WISC yields separate measures of verbal and nonverbal functioning (i.e., Verbal and Performance IQ scores, respectively), which were examined in addition to the WISC Full-Scale IQ score.
Lateral dominance was evaluated at each assessment by recording which hand subjects used in writing and manipulating objects. Cases of ambiguous or mixed handedness were collapsed with those of left-handedness for the analyses. In addition, at each assessment, the psychologist performing the cognitive evaluations also rated each subject for several aspects of behavioral adjustment (i.e., emotional reactivity, cooperation, dependency, goal orientation, degree of activity, and communication), with an overall summary rating indicating whether behavioral deviance was absent, suspected, or definitely present. We counted ratings of suspected or definite abnormality as indicating behavioral deviance.
Obstetric Variables. We modeled three classes of obstetric influences that could be related to premorbid cognitive deficits in schizophrenia: hypoxia-associated OCs, other (prenatal) OCs, and birth weight. A detailed description of the formation of the hypoxia-associated OCs scale and prenatal OCs scale is provided elsewhere (see Cannon et al., this issue) . Briefly, the hypoxia-associated OC scale was formed by selecting complications considered to be either direct (blue at birth, required resuscitation, neonatal cyanosis, neonatal apnea) or indirect (abnormalities of fetal heart rate or rhythm, umbilical cord knotted or wrapped tightly around neck, third trimester bleeding, (70) 14 (30) 46 (100) 0 (0) 21 (46) 25 (54) 13 (28) 33 (72) 20 (43) 13 (28) 9 ( 16 (49) 17 (51) 33 (100) 0 (0) 6 (18) 27 (82) 4 (12) 29 (88) 18 (55) 5 (15) 4 (12) 6 (18) Note.-IQ = intelligence quotient; SD = standard deviation. No diagnosis (n = 5,829)
• 7.4(1.3) 10.5(2.0) 3.4(1.8) 90.6(11.7) 2,865 (49) 2,964 (51) 5,316 (91) 513 (9) 687 (12) 5,142 (88) 509 (9) (72) 16 (28) 56 (98) 1 (2) 12 (21) 45 (79) 10 (18) 47 (82) 21 (37) 18 (32) 10 (17) 8 (14) Unaffected siblings (n = 51) 7.5(1.3) 9.9 (2.2) 2.6(2.1) 84.4 (9.8)
24 (47) 27 (53) 51 (100) 0 (0) 5 (10) 46 (90) 10 (20) 41 (80) 21 (41) 14 (28) 13 (25) 3 (6) Note.-WISC = Weschler Intelligence Scale for Children; IQ = intelligence quotient; SD » standard deviation.
placental hemorrhaging or infarcts, polyhydramnios, meconium in amniotic fluid, underdeveloped lungs) indicators of fetal oxygen insufficiency. The indirect indicators were chosen based on empirical validation against direct hypoxia indicators in prior studies (Low et al. 1992 (Low et al. , 1995 Arabin et al. 1993; Maier et al. 1994; Adamson et al. 1995; Salafia et al. 1995) . Each of the indirect indicators was also significantly predictive of one or more of the direct hypoxia indicators in this cohort. We did not weight the indirect indicators according to strength of this association, however, because the direct indicators reflected hypoxia at or shortly after birth, whereas many of the indirect indicators could reflect hypoxia before birth (sensitivity to which would be reduced if the items were weighted according to their relationship with birth hypoxia). Each complication contributed 1 point to the total hypoxia-associated OC score. Five prenatal OCs that were not significantly associated with the direct hypoxia measures in this sample (and whose primary impact on the fetus was unlikely to be oxygen deprivation) were included in a prenatal OCs scale: maternal infection during pregnancy (including viral, bacterial, and fungal), maternal cardiovascular illness during pregnancy, maternal pulmonary illness during pregnancy, maternal hematologic illness during pregnancy, and maternal endocrine illness during pregnancy. Again, each complication contributed 1 point to the scale total.
Statistical Analysis. The primary goal of the data analyses was to evaluate the relationships between the measures of cognitive functioning during childhood and adult diagnostic outcome while controlling for a number of sociodemographic influences that could potentially confound such relationships. Because it was possible for there to be more than one subject from the same family within an outcome group, and because the cognitive test scores of such cases are not independent, it was first necessary to reduce the degrees of freedom available for analysis to preserve the assumption of independence of observations. One way that this data reduction could be achieved would be by randomly selecting one subject per family within each outcome group and excluding the remaining subjects, but this approach does not guarantee that the included subjects are representative of the remaining subjects when the group size is small (as in the case of the unaffected siblings in this study). To avoid this pitfall we computed averages of the test scores (and covariates) within each family (separately for each diagnostic group). The procedure just described produced a total of 46 unique observations in the proband group, 24 unique observations in the sibling group, and 4,184 unique observations in the control group for the age 4 analyses. For the age 7 analyses the corresponding numbers were 57, 32, and 4,557, respectively. To determine whether the family analyses obscured any relationships among variables that were present at the level of individuals, the analyses were also performed using the individualized data. There were no differences in the relationships that were or were not significant between the two analytic approaches. Therefore, we report only the results using the data in which each observation in each diagnostic group is unique with respect to family of origin.
We first evaluated whether the cognitive test scores varied significantly by diagnostic outcome using analysis of variance and covariance. Each test measure was analyzed as the dependent variable in a separate analysiswith gender, race, and adult diagnostic group (probands, siblings, controls) as classification variables-and with age at examination, parental education (mean number of years of schooling), and socioeconomic status (reflecting the occupation and income of primary wage earner on a scale of 1 [unemployed, on public assistance] to 9 [professional, upper middle class]) as continuously scaled covariates. In the presence of a significant overall main effect of diagnostic group, independent sample t tests were performed comparing the schizophrenia cases with the controls and the siblings with the controls. The matched-pair t statistic was used to compare the schizophrenia cases with the unaffected siblings from their own families.
We also performed categorical data analyses to examine whether the preschizophrenia cases and their siblings were distributed unevenly among quartiles of the IQ distributions at age 4 and age 7. These analyses used a generalized logits logistic regression model (Stokes et al. 1995) . The outcome measure classified the cohort members into three groups: probands, siblings, and controls. Gender and race were included as categorical predictors; and age at examination, parental education, socioeconomic status, and IQ category (1st, 2nd, 3rd, 4th quartile) were included as intervalscale predictors. Two analyses were conducted: one using Stanford-Binet IQ category at age 4 as the cognitive predictor and the other using WISC Full-Scale IQ category at age 7 as the cognitive predictor. In the presence of a significant overall effect of IQ category, odds ratios were computed contrasting each outcome (i.e., schizophrenia cases, unaffected siblings of schizophrenia subjects) with the cohort members with no psychiatric diagnoses.
To determine whether subjects in any of the diagnostic groups changed their relative positions in the IQ distributions across the age 4 and age 7 assessments, a repeated-measures analysis of variance was conducted on the percentile ranks for the IQ scores at age 4 and age 7, with adult diagnostic outcome as a between-subject variable and assessment wave as a within-subject, repeatedmeasures variable. Percentile ranks were computed within the 4,562 unique observations (44 probands, 24 siblings, and 4,494 controls) with test scores available from both of the childhood assessments.
The contribution of OCs to premorbid cognitive functioning in schizophrenia was examined using analysis of variance. Separate analyses were carried out with each measure of childhood IQ as the dependent variable. In each case, the hypoxia-associated OCs scale, the prenatal OCs scale, birth weight, adult diagnosis, and the interactions of the three obstetric variables with diagnosis were included as independent variables. We also evaluated whether differences in childhood cognitive functioning among the diagnostic groups were moderated by gender, handedness, or childhood behavioral disturbances and whether childhood cognitive dysfunction in the schizophrenia group was specific to those with an early age at first treatment contact.
Results
Comparisons of Mean Differences by Diagnostic
Group. Table 3 gives the results of the analyses of variance and covariance comparing the three diagnostic groups (probands, siblings, controls) on Stanford-Binet IQ at age 4 and WISC Full-Scale IQ at age 7. Each of the demographic factors accounted uniquely for a significant proportion of the variance in test scores at age 4, and all but gender accounted uniquely for a significant proportion of the variance in test scores at age 7. In general, children with higher scores were older, came from more affluent families, and had better educated parents. Caucasians had higher scores than African-Americans. In the case of Stanford-Binet IQ at age 4, females had higher scores than males. Importantly, the differences in test scores by adult diagnostic outcome that were apparent in unadjusted data (tables 1 and 2) remained significant even after controlling for these sociodemographic influences. Figure 1 gives the least-squares mean ± standard error of the mean (SEM) scores (adjusting for the effects of age, socioeconomic status, parental education, gender, and race) of the patient, sibling, and control groups on Stanford-Binet IQ at age 4 and WISC Full-Scale IQ at age 7. At both assessments, the nonpsychiatric controls had significantly higher scores than schizophrenia cases (age 4: t = 4.1, d$ =• 4229, p < 0.0001; age 7: t = 3.53, df= 4613, p < 0.0001) and their siblings (age 4: t = 2.1, df= 4207, p < 0.02; age 7: t = 2.3, df= 4588, p < 0.01). Nearly identical results were obtained in relation to WISC Verbal IQ (controls vs. patients: t = 2.8, df= 4613, p < 0.002; controls vs. siblings: t Tables 1 and 2 give the distributions of subjects by quartiles of the IQ distributions at age 4 and age 7 according to diagnostic outcome, hi the logistic regression analysis-after controlling for age at examination, gender, race, parental education, and socioeconomic status-StanfordBinet IQ category at age 4 was a significant predictor of outcome (x 2 = 10.8, df= 2,p = 0.005), achieving a significant negative association with schizophrenia (x 2 = i.l,df = 1, p -0.004, OR [odds ratio] = 0.66, 95% CI [confidence interval] = 0.50-0.88) and marginal negative association with sibling status (x 2 = 2.7, df=\,p = 0.09, OR = 0.72, 95% CI = 0.49-1.06). The odds of schizophrenia increased by 1.52 times (1/0.66) per unit decrease in ability level, such that individuals scoring in the lowest quartile of functioning were 5.34 times more likely to be diagnosed with schizophrenia than those in the highest quartile. As shown in figure 2, this effect was approximately linear across the four ability levels for schizophrenia but was not linear for the unaffected siblings. While unaffected siblings were overrepresented in the lowest quartile of functioning, they were approximately equally represented among the three higher levels of functioning.
Comparisons Across Quartiles of IQ Distributions.
WISC Full-Scale IQ category at age 7 was also a significant predictor of outcome (x 2 = 11.5, df = 2, p = 0.003), achieving a significant negative association with schizophrenia (x 2 = 6.2, df= \,p = 0.01, OR = 0.73, 95% Q = 0.57-0.93) and with sibling status (x 2 = 5.4, df=\,p = 0.02, OR = 0.66, 95% CI = 0.47-0.94). The odds of schizophrenia increased by 1.37 times (1/0.73) per unit decrease in ability level, such that individuals in the lowest quartile of functioning were 3.5 times more likely to be diagnosed with schizophrenia than those in the highest quartile. The odds of being an unaffected sibling of a schizophrenia subject increased by 1.52 times per unit decrease in ability level, such that individuals scoring in the lowest quartile of functioning were 5.34 times more likely to be an unaffected sibling of a schizophrenia subject than those in the highest quartile. As shown in figure  3 , the relationship between IQ at age 7 and adult psychiatric outcome was approximately linear across the four performance levels for both schizophrenia and unaffected sibling status. Change in Percentile Rankings Across Assessments. As shown in table 4, there was not a significant effect of assessment wave (i.e., no change between age 4 and age 7) on mean IQ percentile rankings, nor an interaction of assessment wave with diagnostic outcome. In fact, none of the diagnostic groups showed significant change in percentile rankings across assessments. There was also not a significant difference in the proportions of each group who improved, stayed the same, or declined in terms of percentile rankings across the two assessments (x 2 = 2.4, df = 4,p = 0.66). Obstetric Influences. In the analyses of the obstetric variables in relation to IQ scores at the two childhood assessments, there were not significant effects of the hypoxia OC scale (age 4: F = 0.3, df= 1, 4553, p = 0.61; age 7: F = 0.1, df= 1, 4951, p = 0.73) or the prenatal OC scale (age 4: F = 0.7, df = 1, 4553, p = 0.39; age 7: F = 0.3, df= 1, 4951, p = 0.59), nor were there significant interactions of diagnosis with hypoxia-associated OCs (age 4: F = 1.4, df= 2,4553, p = 0.25; age 7: F = 0.2, df= 2,4951, p = 0.81) or with prenatal OCs (age 4: F = 0.6, df = 2, 4553, p = 0.54; age 7: F = 0.1, df = 2, 4951, p = 0.95). Birth weight had a marginal association with IQ at age 4 (F = 2.5, df= 1, 4553, p = 0.12) and a significant association with IQ at age 7 (F = 6.7, df = 1, 4951, p = 0.004), and in both cases birth weight interacted significantly with diagnosis (age 4: F = 6.2, df = 2, 4553, p = 0.002; age 7: F = 5.1, df = 2,4951, p = 0.006). In post hoc analyses, birth weight was found to correlate significantly positively with IQ at both age 4 (r = 0.14, df = 4488, p = 0.0001) and age 7 (r = 0.14, df = 4866, p = 0.0001) among the controls but was not significantly related to IQ among the schizophrenia subjects (age 4: r = -0.13, df = 50, p = 0.36; age 7: r = 0.07, df= 62, p = 0.59) or unaffected siblings (age 4: r = 0.14, df= 25, p = 0.52; age 7: r = 0.19, df = 28, p = 0.33).
Potential Moderating Variables.
In the analyses of handedness, behavior disturbance, and gender as potential moderators of the effects of diagnosis in relation to childhood IQ, there were not significant interactions of diagnosis with handedness (age 4: F = 1.2, df = 2, 4556, p = 0.31; age 7: F = 0.1, df = 2, 4949, p = 0.90), behavior disturbance (age 4: F = 2.3, df= 2,4556, p = 0.10; age 7: F = 1.7, df = 2,4949, p = 0.19), or gender (age 4: F = 1.2, df= 2, 4556, p = 0.29; age 7: F = 0.4, df=2, 4949, p = 0.68). There were also not significant differences in IQ between schizophrenia cases with early and later ages at first treatment contact (age 4: t = 0.45, df =44, p = 0.65; age 7: t = -0.57, df= 55, p = 0.57). Finally, to determine whether the childhood intellectual deficits in the sibling group could be explained by the presence of non-schizophrenia-related psychiatric morbidity in adulthood, the sibling-control contrasts were repeated after excluding siblings with any psychiatric diagnoses. When this was done, there continued to be significant differences between the nonpsychiatric controls and the unaffected siblings of schizophrenia patients in terms of Stanford-Binet IQ at age 4 (t = 2.07, df= 4207, p = 0.02) and WISC Full-Scale IQ at age 7 (r = 2.08, df = 4588, p = 0.03).
Discussion
Childhood Cognitive Dysfunction in Schizophrenia
Patients and Their Siblings. Our study demonstrates that cognitive dysfunction is evident in preschizophrenia subjects as early as age 4 and thus precedes onset of formal diagnostic symptoms and signs by 10-15 years. Moreover, the distribution of functioning is unimodally shifted downward in these cases, such that preschizophrenia subjects are underrepresented at the highest levels of ability and are progressively more overrepresented across decreasing ability levels at both 4 and 7 years of age. This pattern suggests that most preschizophrenia subjects fail to reach their expected level of cognitive attainment during childhood. If such deficits characterized only a subgroup of the schizophrenia population, one would expect a large increase in risk for the disorder among individuals in the lowest level of functioning but a flat distribution of risk across the higher ability levels. Thus, to the extent that cognitive dysfunction during childhood reflects disturbances of brain development, our results replicate and extend those of Jones et al. (1994) and David et al. (1997) in suggesting that such neurodevelopmental compromise is more broadly characteristic of this syndrome than has previously been supposed (Lewis and Murray 1987) .
Consistent with the results of numerous prior studies of children at elevated genetic risk for schizophrenia (Mednick and Schulsinger 1968; Landau et al. 1972; Asamow et al. 1978; Rutschmann et al. 1980; Harvey et al. 1981; Winters et al. 1981; Worland et al. 1982; Driscoll 1984; Lifshitz et al. 1985; Sohlberg 1985; Hallett et al. 1986; Fish 1987; Goodman 1987; Sameroff et al. 1987; Weintraub 1987; Erlenmeyer-Kimling et al. 1989; Schreiber et al. 1992; Marcus et al. 1993; Bergman and Walker 1995) , in this study cognitive deficits were also observed among the unaffected siblings of preschizophrenia patients at 4 and 7 years of age, regardless of whether siblings with adult psychiatric disorders were included. Given that a substantial number of the first degree relatives of schizophrenia patients carry a predisposing genotype without manifesting the disorder phenotypically (Fisher 1973; Gottesman and Bertelsen 1989) , this pattern is consistent with an association between presence of a genetic diathesis to schizophrenia and expression of cognitive dysfunction during childhood. Because the youngest siblings in this study were 30 years old at the time of the most recent psychiatric register information available, and because onset of schizophrenia occurs after age 30 in approximately 10-20 percent of cases, some members of the sibling group may in fact be diagnosed with schizophrenia in their lifetimes. However, "future caseness" is not likely to account completely for the childhood intellectual deficits observed in the sibling group. Only about 5 percent of siblings of a proband with schizophrenia are expected to develop the condition themselves, and the majority of these will have their onsets before age 30. Even if we assume that 2 of the 33 subjects in the sibling group (i.e., approximately 5%) tested at the age 7 assessment will be diagnosed with schizophrenia after age 30 and that both came from the lowest quartile of functioning, siblings of schizophrenia patients would still be overrepresented in the lowest quartile of functioning (i.e., 37% versus an expected value of 25%) and underrepresented in the highest quartile of functioning (i.e., 13% versus an expected value of 25%).
There are numerous contributors to variability in . intelligence test scores besides predisposition to schizophrenia (Sattler 1982) . In this study we evaluated the relationships between childhood cognitive functioning and adult psychiatric outcome controlling for the known major sources of individual differences on such tasks, including age, gender, race, parental education, and social class. That the associations were present even after controlling these factors provides one indication of the internal validity of these findings. At the same time, it is important to emphasize that schizophrenia patients and their unaffected siblings do not account for all cases of cognitive dysfunction during childhood, even when considered collectively. In view of this pattern, general intellectual measures cannot be used as a screening device for future schizophrenia or genetic predisposition to schizophrenia in general population samples. Possibly, more refined measures of deficits, in particular neural systems, could be used in this manner, but further study will be needed to make this determination.
Course of Cognitive Development in Preschizophrenia
Patients. In this study preschizophrenia subjects did not differ from their unaffected siblings at the age 4 and age 7 assessment points in terms of IQ scores. By early adulthood, nearly all schizophrenia patients, even those without exposure to neuroleptics, perform more poorly on neuropsychological tests than their own unaffected siblings and cotwins (Goldberg et al. 1990; Cannon et al. 1994) . It is thus possible that preschizophrenia cases increasingly diverge from the level of functioning expected in their own families with age. However, it is not clear if this increasing divergence reflects a factor intrinsic to the causes of the illness, the effects of acute psychosis, or an artifact of differences in the psychometric properties of cognitive tests in adults compared with children.
If there is increasing divergence from within-family (or population) norms among preschizophrenia patients with age, such divergence does not necessarily imply intra-individual decline. Our ability to detect intra-individual decline is more limited in children than in adults because cognitive abilities in the former undergo both qualitative and quantitative modification with age.
Normal cognitive development appears to proceed by adding new skills and knowledge on top of those previously acquired; the same process is evident in individuals with currently classified neurodevelopmental conditions but at a lower rate-such that by the time most cognitive functions have crystallized in young adulthood, affected individuals are maximally deviant compared with their age-matched peers (Sattler 1982) . In this study, percentile rankings within the study population did not change significantly within subjects across the two assessments in any of the groups, nor did the groups differ in the rate of intra-individual change. Thus, if the rate of cognitive development is lower than normal in preschizophrenia subjects, it will be necessary to employ assessment points and/or tests different from those used in this study to demonstrate such an effect.
Role of Obstetric Complications. Numerous epidemiological studies have demonstrated that OCs are associated with increased liability to schizophrenia and with an earlier age of its clinical onset (Cannon 1997) . The extent to which OCs may contribute to the neurobehavioral features and precursors of schizophrenia has received comparatively little attention. In this study, we examined the relationship between a history of hypoxia-associated OCs, prenatal OCs, and birth weight to measures of cognitive functioning at 4 and 7 years of age. While preschizophrenia children and their unaffected siblings had significantly lower IQ scores than normal control children at both assessment points, these deficits were not significantly associated with any of the obstetric influences. Further, the cognitive test scores of children not yet diagnosed with schizophrenia were not significantly more depressed than those of their unaffected siblings, who also performed significantly worse than controls at both assessment points. This pattern suggests that the OCs examined in this study do not contribute to lower IQ scores among preschizophrenia children in early and middle childhood, but rather that cognitive impairment at these ages reflects the expression of schizophrenia susceptibility genes (and/or shared environmental influences not accounted for by parental education or social class).
Limitations. The procedures used to ascertain and diagnose cases in this study were not ideal. We address the major threats to validity and ability to generalize posed by these methods below.
Are there biases related to the assignment of diagnoses by chart review? We used a two-stage diagnostic procedure whereby we first screened the cohort for any psychotic disorder diagnosis via treatment sources and subsequently performed detailed evaluations of the psychiatric medical records for nearly half of the psychoticdisordered probands for the determination of diagnoses according to DSM-IV criteria. Only those cases with chart-review-based DSM-IV diagnoses of schizophrenia or schizoaffective disorder were classified as "cases" in the analyses; the remaining psychotic-disordered probands were excluded. The chart-review diagnoses are reliable; independent evaluations of a random sample of medical records by different reviewers produced a high rate of diagnostic agreement (k -0.85, 93% simple agreement). Diagnostic reliability is a necessary but not sufficient condition for diagnostic validity. Optimally, the chart-review diagnoses should be validated against those obtained using direct structured psychiatric interviews, but we have not yet interviewed a sufficient number of cases from this cohort to make this determination. It is important to note that invalid assignment of schizophrenia or schizoaffective diagnoses by chart review would produce a false positive result only if the cognitive dysfunction-outcome association were restricted to cases whose actual diagnoses were not schizophrenia or schizoaffective disorder. The diagnoses most likely to compete with those assigned are psychotic forms of bipolar or unipolar affective illness. In secondary analyses conducted to address this question, the 41 psychotic-disordered cases who were screened out of the proband sample because they received DSM-IV diagnoses of bipolar or unipolar affective disorder by chart review did not differ significantly from nonpsychiatric controls in terms of StanfordBinet IQ at age 4 (F = 2.8, df = 1, 4253, p = 0.10) or WISC Verbal IQ at age 7 (F = 1.5, df = 1, 4617, p = 0.22) but did differ significantly from controls on WISC Performance IQ at age 7 (F = 9.7, df = 1, 4617, p = 0.002). The unaffected siblings of these cases did not differ from nonpsychiatric controls on any measure (Stanford-Binet IQ: F = 1.1, df= 1, 4253, p = 0.29; WISC Verbal IQ: F = 0.5, df = 1, 4617, p = 0.48; WISC Performance IQ: F = 0.1, df=l, 4617, p = 0.75). Given this pattern, if there are misdiagnosed cases of affective psychosis in the DSM-IV schizophrenia/schizoaffective group, the effect on the results should be an underestimation rather than overestimation of the associations between childhood cognitive dysfunction and schizophrenia (and genetic risk for schizophrenia).
Are there biases related to incomplete ascertainment of schizophrenia cases? Direct followup of all surviving cohort members in adulthood would provide the most complete ascertainment of outcome, but such an approach is possible (albeit infeasible because of expense) only in a country that maintains a central register indexing current residence of all members of its population. A reasonable alternative-and the approach taken in this study-is to screen the birth cohort for a history of local psychiatric service utilization. This approach missed cases who were deceased at the time of followup, who did not come to treatment, or who because of emigration or changes in social class used psychiatric facilities other than those whose patient rolls were screened. We also lost cases who were identified as having a history of treatment for a psychotic disorder but who had been treated at facilities that were no longer operating, did not cooperate with the chart reviews, or had treated only one proband. Incomplete ascertainment of schizophrenia in the cohort could produce biasing effects on the results in two major ways. First, if the identified cases of schizophrenia do not resemble the unidentified cases in terms of demographic factors and premorbid cognitive functioning, selection effects could limit the ability to generalize the findings. Second, a false positive association could result if a substantial number of unidentified cases of schizophrenia are included in the sample classified as nonpsychiatric controls and such cases had substantially better cognitive functioning than the cases who were ascertained.
In secondary analyses conducted to address the first issue, the 72 cases with chart-review-based DSM-IV diagnoses of schizophrenia or schizoaffective disorder were found not to differ significantly from the remaining 121 probands with register diagnoses of schizophrenia or schizoaffective disorder (whose charts were not reviewed) in terms of gender, year of birth, birth order, mother's age at birth, years of parental education, socioeconomic status, number of unaffected siblings enrolled in the NCPP study, or history of OCs (see Cannon et al., this issue) . The groups also did not differ significantly from each other on Stanford-Binet IQ at age 4 (t = 1.3, df = 121, p = 0.21) or WISC Full-Scale IQ at age 7 (t = 1.5, df= 145, p = 0.11). Finally, when the primary analysis was repeated using the 194 cases with register diagnoses of schizophrenia or schizoaffective disorder and their siblings, the controls continued to have significantly higher tests scores at both assessments than the probands (age 4: t = 3.94, df = 5214, p = 0.0001; age 7: t = 3.89, df = 5927, p = 0.0001) and their siblings (age 4: t = 2.82, af=5H3,p = 0.003; age 7: t = 1.81, df= 5895, p = 0.03). There thus appears to be no significant biasing effect related to which of the available probands were ascertained for chart review.
In regard to the second issue, it is virtually certain that some cases of schizophrenia were classified as nonpsychiatric controls in the analyses (i.e., female patients whose last names changed at marriage, patients who moved out of Philadelphia before 1985, patients who did not seek treatment, or patients whose treatment was exclusively via private practitioners). The extent of this misclassification cannot be quantified precisely. The prevalence of a treatment-ascertained psychotic disorder diagnosis in this cohort is quite high (i.e., 3.7%), without even taking into account the possibility of unascertained cases. Nevertheless, while acknowledging that some cases of schizophrenia were likely classified as controls, there is no reason to suspect that the premorbid functioning of the unascertained schizophrenia subjects in the control group is different from that of the ascertained cases. Given the higher rate of schizophrenia among males in this cohort, an underascertainment of female schizophrenia subjects represents the most plausible candidate for such a biasing effect (but see Hambrecht et al. 1993) . However, while males had lower IQ scores than females overall, gender did not interact with diagnosis (i.e., the cognitive deficits in schizophrenia were not differential according to gender). It could be argued that more cognitively disabled members of the cohort were more likely to stay in the vicinity where they were bom, in which case our ascertainment methods would have oversampled the schizophrenia cases from the lower levels of functioning. To address this possibility, we compared the schizophrenia cases to the sample of individuals who were identified as having nonpsychotic forms of mental illness in the Philadelphia area treatment data base. Any tendency for the more cognitively disabled subjects to remain in the locations of their births (and/or for more cognitively intact subjects to have moved out of the area) should have affected our ascertainment of these nonpsychotic cases as well. If a bias toward ascertainment of cognitively disabled subjects exists, the schizophrenia cases should not differ from the nonpsychotic cases ascertained in the register. However, the schizophrenia patients did in fact perform more poorly than the nonpsychotic register cases at both age 4 (t = 2.06, af= 726, p = 0.02) and age 7 (t = 2.07, df= 848, p = 0.02). Moreover, when the primary analyses were repeated including the nonpsychotic register cases with the nonpsychiatric cohort members as controls, the controls continued to have higher IQ scores than the patients with schizophrenia (age 4: t = 3.87, df= 4611, p = 0.0001; age 7: t = 331, df= 5068, p = 0.0004) and their siblings (age 4: t = 2.01, df= 4655, p = 0.02; age 7: t = 2.13, ay= 5043, p = 0.02). Finally, it is possible that cases with an earlier clinical onset of schizophrenia were more likely to be ascertained than cases with a later onset, in which case a false positive bias would be created if the early onset cases had lower IQs than later onset cases. However, there were no differences in cognitive functioning at age 4 or 7 years as a function of age at first treatment contact among cases that were ascertained (see Results), suggesting that incomplete ascertainment of lateronset cases is unlikely to have a significant biasing effect on the results.
It is also important to emphasize that AfricanAmerican subjects in this cohort were substantially overrepresented (i.e., 88%). Unfortunately, the number of Caucasian subjects with schizophrenia was too small to permit us to test for an interaction between race and diagnosis in relation to childhood intellectual functioning. A race-specific effect in schizophrenia patients and their unaffected relatives appears unlikely, however, given that prior studies of preschizophrenia subjects and at risk populations have reported similar findings in predominantly Caucasian samples (David et al. 1997; Jones et al. 1994) .
